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(54) PHASE DIFFERENCE FILM AND ITS MANUFACTURE 

(57)Abstract: 

PURPOSE: To provide a phase difference film which can be used as an optical compensation layer for 
various types of liquid crystal display devices by providing the film with specific optical characteristics. 
CONSTITUTION: A thermoplastic resin film is preheated in the condition of Tg<Tp<(Tg+100° C) (Tg is a 
glass-transition temperature of thermoplastic resin and Tp is preheating temperature). The preheated 
film is extended along an axis at a deformation rate of 150-1000%/minute and extension magnification of 
2-3 in a condition in which shrinkage does not occur in the orthogonal direction to an extended axis in 
the condition of Tg<Ts<(Tg+100° C) (Ts is extension temperature). The film extended along one axis is 
kept warm (heat treated) for a predetermined time in the condition of (Ts~50° C)<Ths<Ts (Ths is heat 
treatment temperature). Thus obtained phase difference film has optical characteristics that retardation 
value in the face is 50-300nm and the ratio of retardation value in the face to retardation value in the 
direction of thickness is 0.5 or more and 1.8 or less. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to a phase contrast film. 
[0002] 

[Description of the Prior Art] Although the phase contrast film is generally used as an optical 
compensation layer of a STN mold liquid crystal display, the various application also as an optical 
compensation layer to the liquid crystal display of not only a STN mold but the other method is 
considered by recent years. For example, the phase contrast film which a special angle-of-visibility 
property may be required according to an application, and has various optical properties in STN, a TN 
liquid crystal display, etc. recently according to each application as a result is needed. 
[0003] However, a thing with the property near the uniaxial orientation nature used for the STN mold 
liquid crystal display of the above-mentioned [ the phase contrast film currently developed in the present 
condition ], And it is restricted to two sorts of a phase contrast film which have a property near the 
perfect biaxial orientation nature which consists of an inorganic stratified compound layer from which the 
refractive index within a field which is indicated by the EP-A -0541308 [ No. ] official report, and the 
refractive index of the thickness direction differ. Even if it combined them, a phase contrast film which 
has the middle property of two sorts of these phase contrast films was not developed until now. 
[0004] Moreover, in the collection p.149 of drafts of Euro display'93, simulation that the phase contrast 
film which has the refractive-index structure of nX =1.618, nY =1.606, nZ =1.493, and the film thickness 
of 9.296 micrometers will probably be effective is made as an optical compensation layer to the liquid 
crystal display (pi eel) in the OCB mode of a bend orientation mold. The ratio of 1 1 2nm and (retardation 
value within field)/(retardation value of the thickness direction) of the retardation value within a field of 
the phase contrast film calculated from now on is 0.101. 

[0005] The phase contrast film used for the STN mold liquid crystal display so far However, a uniaxial 
orientation nature sake, The ratio of (retardation value within field)/(retardation value of the thickness 
direction) is 2.0 or more. Since only that whose retardation within a field is 0-50nm is obtained with the 
phase contrast film which consists of an inorganic stratified compound layer from which the refractive 
index within a field which is indicated by the EP-A -0541308 [ No. ] official report, and the refractive 
index of the thickness direction differ on the other hand, The phase contrast film which has a property 
usable as an optical compensation layer of the above-mentioned pi eel cannot be obtained from what is 
developed as a phase contrast film in which the present mass production is possible. For this reason, 
development of the phase contrast film the phase contrast film which has a different optical property 
from the former needs to be developed, and using especially lightweight thermoplastics, and development 
of the approach of manufacturing this phase contrast film industrially and advantageously efficiently are 
desired. 
[0006] 

[Means for Solving the Problem] As a result of inquiring in order to solve the above-mentioned technical 
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problem, the retardation value within a field was 50-300nm f and this invention persons succeeded in 
development of the phase contrast film with which the ratio of (retardation value within field)/(retardation 
value of the thickness direction) has or more 0.5 the optical property which it becomes 1.8 or less, and 
reached this invention. Furthermore, the retardation value within this field is 50~300nm. (Retardation 
value within field)/ The ratio of (the retardation value of the thickness direction) Or more 0.5 the optical 
property which becomes 1.8 or less The ratio of / (retardation value within a field) (retardation value of 
the thickness direction) to which the laminating of the phase contrast film which consists of the phase 
contrast film and the inorganic stratified compound layer which it has was carried out succeeded in 
development of the or more 0.03 laminating phase contrast film which is less than 0.3, and reached this 
invention. 

[0007] Namely, the retardation value of this invention within a field is 50-300nm. The phase contrast film 
with which the ratio of (retardation value within field)/(retardation value of the thickness direction) 
consists of or more 0.5 thermoplastics film it is [ film ] 1.8 or less, and its process, Furthermore, the ratio 
of / (retardation value within a field) (retardation value of the thickness direction) to which the laminating 
of one phase contrast film which consists of this one phase contrast film, or two or more sheets and 
inorganic stratified compound layers, or the two sheets or more was carried out is a thing about the or 
more 0.03 laminating phase contrast film it is [ film ] less than 0.3. It is. 

[0008] As thermoplastics, a thing excellent in transparency is used preferably. For example, 
polycarbonate system resin, 2 cellulose acetate, polyvinyl alcohol, Pori Sail John, a polyether ape phon, 
polyarylate, etc. are mentioned. Polycarbonate system resin and Pori Sail John are still more desirable 
especially. 

[0009] What was manufactured using the solvent cast method as a thermoplastics film is usually used. 
The thickness of a thermoplastics film is 50-300 micrometers, and is 100-200 micrometers preferably. 
The phase contrast film of this invention can be manufactured by the following approaches. 
[0010] A preheating, uniaxial stretching, and heat treatment are continuously performed in the tenter 
which the thermoplastics film manufactured by the solvent cast method equipped with the preheating 
section, the extension section, and the heat treatment section continuously. First, a preheating means 
the processing which softens a thermoplastics film with heating beforehand so that it can extend good in 
the next extension processing. Although the preheating of the thermoplastics film introduced in 
equipment is carried out by Tg<Tp<= (Tg+100 degree C) (however, Tg shows the glass transition 
temperature of thermoplastics and Tp shows preheat temperature), in order to soften resin as required, 
and to control the deformation beyond the need, as for the preheating time, for [ 0.1 minutes - ] 1 minute 
is usually desirable. 

[001 1] Subsequently, the film by which the preheating was carried out is introduced into the extension 
section, it is Tg<Ts<= (Tg+100 degree C) (however, Ts shows extension temperature.), and it is in the 
condition it was made not to cause contraction of the direction which intersects perpendicularly with an 
extension shaft, and horizontal uniaxial stretching is carried out in the direction which intersects 
perpendicularly with the travelling direction of a film by 150% a part for /-, and 1000% a part for /and 2 to 
3 times as many draw magnification as this of deformation velocity. Here, extension temperature, 
deformation velocity, and draw magnification are suitably chosen by the value of the ratio of the class of 
thermoplastics film used as an original fabric, thickness and the retardation value within the field of the 
phase contrast film needed, and (retardation value within field)/(retardation value of the thickness 
direction), thickness, etc. For example, when using a polycarbonate film, it is desirable that make 
extension temperature into 190-220 degrees C, and deformation velocity makes it as 150 - 600% / min, 
and 2 to 3 times as many draw magnification as this. The value of the ratio of (retardation value within 
field)/(retardation value of the thickness direction) tends to become large by the retardation value within 
a field tending to increase, if extension temperature is reduced, deformation velocity is generally raised or 
draw magnification is made to increase, and making draw magnification increase. 

[0012] Furthermore, the film by which uniaxial stretching was carried out is introduced into the heat 
treatment section, for the purpose of fixing the orientation of a film, where the chuck width of face after 
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extension (width of face of extension shaft orientations) is maintained, is <=(Ts-50 degree C) Ths<=Ts 
(however, Ths shows heat treatment temperature.), and is kept warm for [ 0.1 minutes - ] 1 minute. This 
incubation is usually called heat treatment. When required, extension shaft orientations may be made to 
contract a film in 0 - 10% of range at this time. What is necessary is just to narrow so that it may 
become making it contract with necessary contraction for example, about chuck width of face. Although 
it can also carry out except the consecutive-processing approach of the preheating by the above 
mentioned tenter, uniaxial stretching, and heat treatment, in industrial manufacture, the approach using a 
tenter is desirable. 

[0013] The retardation value within the field of the phase contrast film obtained is 50nm - 300nm, and 
the ratio of (retardation value within field)/(retardation value of the thickness direction) has or more 0.5 
an optical property which is 1.8 or less and is completely different from the conventional phase contrast 
film. 

[0014] The retardation value within a field and (retardation value within a field) the value of the ratio of / 
(retardation value of the thickness direction) are suitably chosen by the application of a phase contrast 
film. The retardation value within a field is 80nm - 200nm preferably, and the retardation value of the 
thickness direction is 45nm - 400nm preferably. The thickness of a phase contrast film is 50-150 
micrometers preferably from the point of handling nature. 

[0015] The phase contrast film of this invention can be used as an optical compensation layer of various 
liquid crystal displays combining the phase contrast film of independent or others. For example, it 
consists of an inorganic stratified compound layer from which the refractive index within a field and the 
refractive index of the thickness direction which are indicated by the EP-A -0541308 [ No. ] official 
report differ, and the retardation value within a field is 0-50nm, and it can use combining the phase 
contrast film whose retardation value of the thickness direction is 50nm - 1000nm. 

[0016] The phase contrast film which consists of an inorganic stratified compound layer can be obtained 
by making it apply and dry, after making a solvent swell or distribute an inorganic stratified compound as 
indicated by for example, the EP-A -0541308 [ No. ] official report. As an inorganic stratified compound, 
a clay mineral can be used, for example. Preferably, chemosynthesis is carried out, it is little sodium 4 
silicic-acid mica and smectite group of an impurity, and a chemical composition with a montmorillonite, 
beidellite, nontronite, saponite, hectorite, a sauconite, and the crystal structure similar to them etc. can 
be illustrated as a thing belonging to a smectite group. As a solvent used in order to swell or distribute an 
inorganic stratified compound, for example, it can choose from dimethylformamide, dimethyl sulfoxide, 
nitromethane, water, a methanol, ethylene glycol, etc. suitably, and can use. 

[0017] In forming an inorganic stratified compound layer, it is desirable to mix transparent hydrophilic 
resin optically to the dispersion liquid of an inorganic stratified compound for improvement in mechanical 
properties, such as improvement in film production nature and crack prevention of an inorganic stratified 
compound layer, as indicated by the EP-A -0541308 [ No. ] official report, and the volume ratio of resin 
transparent on an inorganic stratified compound / optical target is 0.1 to about ten. As transparent 
hydrophilic resin, polyvinyl alcohol is mentioned optically, for example. Moreover, it can also consider as 
the phase contrast film which consists of an inorganic stratified compound layer optically reinforced with 
the transparent resin film by making an inorganic stratified compound layer form on a transparent resin 
film optically. In this invention, this mode is also called phase contrast film which consists of an inorganic 
stratified compound layer. 

[0018] Although not limited especially as an approach of carrying out the laminating of the phase contrast 
film which consists of a phase contrast film of this invention, and an inorganic stratified compound layer 
For example, the approach of making form a direct inorganic stratified compound layer on the phase 
contrast film of this invention, and carrying out a laminating, Or the phase contrast film which consists of 
an inorganic stratified compound layer which is indicated by the EP-A -0541308 [ No. ] official report, 
and by which the inorganic stratified compound layer was optically formed on the transparent substrate, 
The approach of pasting the phase contrast film of this invention together with adhesives or a binder etc. 
can be used. The value of the retardation in the number of sheets of each phase contrast film which 
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carries out a laminating and the optical property of each phase contrast film, i.e., a field, and (retardation 
value within a field) the ratio of / (retardation value of the thickness direction) etc. is suitably chosen 
according to the optical property finally needed as a laminating phase contrast film. 
[0019] Moreover, one phase contrast film or two sheets or more which consist of inorganic stratified 
compound layers by which the inorganic stratified compound layer was formed on the transparence 
substrate, When the phase contrast film which consists of this inorganic stratified compound layer has a 
retardation within a field in the phase contrast film of one sheet of this invention, or the laminating of two 
or more sheets By carrying out the laminating of each lagging axis of the phase contrast film which 
consists of this inorganic stratified compound layer, and each lagging axis of the phase contrast film of 
this invention according to the optical property of the laminating phase contrast film finally needed, so 
that it is parallel or may intersect perpendicularly mutually It can adjust so that the optical property 
finally needed may be suited. The ratio of (retardation value within field)/(retardation value of the 
thickness direction) can use the laminating phase contrast film which carried out the laminating of one 
phase contrast film which consists of one phase contrast film of this invention, or two or more sheets 
and inorganic stratified compound layers, or the two sheets or more as less than 0.3 or more 0.03 optical 
compensation layer. 
[0020] 

[Effect of the Invention] The retardation value within a field is 50-300nm, and the ratio of (retardation 
value within field)/(retardation value of the thickness direction) has a new optical property called 1.8 or 
less [ 0.5 or more ], and it can be used for the phase contrast film of this invention as an optical 
compensation layer to the liquid crystal display of various methods combining the phase contrast film of 
independent or others. Furthermore, the ratio of (retardation value within field)/(retardation value of the 
thickness direction) can use the laminating phase contrast film which carried out the laminating of one 
phase contrast film which consists of one phase contrast film of this invention, or two or more sheets 
and inorganic stratified compound layers, or the two sheets or more as less than 0.3 or more 0.03 optical 
compensation layer. Moreover by this invention approach, the above-mentioned phase contrast film can 
be manufactured with sufficient, i.e., industrial very advantageous, mass-production nature efficiently and 
stably. 
[0021] 

[Example] Although an example explains this invention to a detail below, this invention is not limited to 
this. In addition, using the polarization microscope which equipped the SENARUMON compensator, the 
retardation value within a field asked, as a film plane and optical system became perpendicular. Moreover, 
the retardation value of the thickness direction was calculated according to the following formulas. 
Retardation value =(nX+nY) (/2-nZ) xd of the thickness direction (However, in nX, within a film plane, the 
refractive index of the perpendicular direction of nX and nZ show the refractive index of the film 
thickness direction, and, as for the maximum refractive index in a film plane, and nY, d shows film 
thickness.) The laminating phase contrast film which carried out the laminating of one phase contrast film 
which consists of one phase contrast film of this invention, or two or more sheets and inorganic stratified 
compound layers, or the two sheets or more The whole was regarded as much more phase contrast film, 
and the retardation value within a field and the retardation value of the thickness direction were 
calculated like the above. 

[0022] By the example 1 solvent cast method, the continuation film (140 micrometers in thickness) of a 
polycarbonate (Tg:148 degree C) was produced. The preheating section introduced this film in the tenter 
6m and whose heat treatment section are 3m, and 3m and the extension section performed continuously 
a preheat treatment (for the temperature of 220 degrees C, and 20 seconds), horizontal uniaxial- 
stretching processing (200% a part for /and extension temperature of 207 degrees C of deformation 
velocity, 2.2 times as many draw magnification as this) to the direction which intersects perpendicularly 
with the travelling direction of a film, and heat treatment (0% of contraction of for the temperature of 180 
degrees C, and 20 seconds, and extension shaft orientations) The thickness of the obtained phase 
contrast film was [ the retardation value of 101nm and the thickness direction of the retardation value 
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within 58 micrometers and a field ] 143nm, and the ratio of (retardation value within field)/(retardation 
value of the thickness direction) was 0.706. 

[0023] By the example 2 solvent cast method, the continuation film (140 micrometers in thickness) of a 
polycarbonate (Tg:148 degree C) was produced. It introduced in the tenter same with having used this 
film in the example 1, and a preheat treatment (for the temperature of 220 degrees C and 20 seconds), 
horizontal uniaxial-stretching processing (233% a part for /and extension temperature of 200 degrees C 
of deformation velocity, 2.4 times as many draw magnification as this) to the direction which intersects 
perpendicularly with the travelling direction of a film, and heat treatment (8.3% of contraction of for the 
temperature of 180 degrees C and 20 seconds and extension shaft orientations) were performed 
continuously. The thickness of the obtained phase contrast film was [ the retardation value of 1 17nm and 
the thickness direction of the retardation value within 60 micrometers and a field ] 159nm, and the ratio 
of (retardation value within field)/(retardation value of the thickness direction) was 0.736. 
[0024] By the example 3 solvent cast method, the continuation film (185 micrometers in thickness) of a 
polycarbonate (Tg:148 degree C) was produced. It introduced in the tenter same with having used this 
film in the example 1, and a preheat treatment (for the temperature of 220 degrees C and 10 seconds), 
horizontal uniaxial-stretching processing (467% a part for /and extension temperature of 208 degrees C 
of deformation velocity, 2.4 times as many draw magnification as this) to the direction which intersects 
perpendicularly with the travelling direction of a film, and heat treatment (0% of contraction of for the 
temperature of 200 degrees C and 10 seconds and extension shaft orientations) were performed 
continuously. The thickness of the obtained phase contrast film was [ the retardation value of 1 19nm and 
the thickness direction of the retardation value within 70 micrometers and a field ] 143nm, and the ratio 
of (retardation value within field)/(retardation value of the thickness direction) was 0.832. 
[0025] On the film which carried out saponification processing, the front face of a triacetyl cellulose film 
(Fuji Photo Film [, Inc. ] make: FUJITAKKU) with an example 4 thickness of 80 micrometers The water 
dispersion which mixed 2.5% water solution of the 5% water dispersion and polyvinyl alcohol (Kuraray 
[ Co., Ltd. ] make: whenever [ poval 103 and saponification ] 98.5% : polymerization degree 300) of 
synthetic hectorite (the product made from Laporte: RAPONAITO XLS) by 3:7 (volume ratio), and was 
obtained Membranes were formed so that the thickness after desiccation might be set to 23 
micrometers, and the phase contrast film (the following, Film A) which consists of an inorganic stratified 
compound layer by which the inorganic stratified compound layer was formed on the triacetyl cellulose 
film was obtained. The retardation value within the field of Film A was 8nm, and the retardation value of 
the thickness direction was 370nm. Moreover, the thickness of Film A was 103 micrometers. 
[0026] The laminating of the film A of two sheets was carried out with the acrylic binder so that a lagging 
axis might become parallel mutually, the phase contrast film produced like the example 2 was pasted 
together with the acrylic binder so that the lagging axis of Film A and the lagging axis might cross at right 
angles, and the laminating phase contrast film was obtained. The thickness of a laminating phase contrast 
film was [ the retardation value of 105nm and the thickness direction of the retardation value within 316 
micrometers and a field ] 1012nm, and the ratio of (retardation value within field)/(retardation value of 
the thickness direction) was 0.104. 

[0027] The phase contrast film (the following, Film B) which consists of an inorganic stratified compound 
layer was obtained like the example 4 except having set thickness after example 5 desiccation to 16 
micrometers. The retardation value within the field of Film B was 10nm, and the retardation value of the 
thickness direction was 305nm. Moreover, the thickness of Film B was 96 micrometers. The phase 
contrast film produced like the example 2 was pasted together with the acrylic binder so that the lagging 
axis might intersect perpendicularly to the lagging axis of Film B, and the laminating phase contrast film 
was obtained. The thickness of a laminating phase contrast film was [ the retardation value of 1 10nm and 
the thickness direction of the retardation value within 21 1 micrometers and a field ] 545nm, and the ratio 
of (retardation value within field)/(retardation value of the thickness direction) was 0.202. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The phase contrast film with which the retardation value within a field is 50-300nm, and the 
ratio of (retardation value within field)/(retardation value of the thickness direction) consists of or more 
0.5 thermoplastics it is [ thermoplastics ] 1.8 or less. 

[Claim 2] The phase contrast film according to claim 1 whose thermoplastics is polycarbonate resin or 
Pori Sail John resin. 

[Claim 3] The phase contrast film according to claim 1 whose retardation value within a field is 80- 
200nm. 

[Claim 4] A phase contrast film carries out the preheating of the thermoplastics film in the ** following 
temperature requirement, and it is Tg<Tp<= (Tg+100 degree C). 
(Tg: Glass transition temperature of thermoplastics) 
(Tp: Preheat temperature) 

** Carry out uniaxial stretching by 150% a part for /- and 1000% a part for /and 2 to 3 times as many 
draw magnification as this of deformation velocity in the condition of having made it not cause 
contraction of the die length in the direction which intersects perpendicularly with an extension shaft in 
the following temperature requirement, and it is Tg<Ts<= (Tg+100 degree C). 
(Ts: Extension temperature) 

** <=(Ts-50 degree C) Ths<=Ts heat-treated in the following temperature requirement (Ths: heat 
treatment temperature) 

The phase contrast film according to claim 1 obtained especially more. 

[Claim 5] The preheating of the thermoplastics film is carried out in the ** following temperature 
requirement, and it is Tg<Tp<= (Tg+100 degree C). 
(Tg: Glass transition temperature of thermoplastics) 
(Tp: Preheat temperature) 

** As contraction of the die length in the direction which intersects perpendicularly with an extension 
shaft is not caused in the following temperature requirement, carry out uniaxial stretching by 1 50% a part 
for /- and 1000% a part for /and 2 to 3 times as many draw magnification as this of deformation velocity, 
and it is Tg<Ts<= (Tg+100 degree C). 
(Ts: Extension temperature) 

** <=(Ts-50 degree C) Ths<=Ts heat-treated in the following temperature requirement (Ths: heat 
treatment temperature) 

The process of the phase contrast film whose ratio of (retardation value within field)/(retardation value 
of the thickness direction) the retardation value within a field is 50-300nm, and is 1.8 or less [ 0.5 or 
more ] characterized by things. 

[Claim 6] The method according to claim 5 of performing heat treatment, while shrinking the die length of 
extension shaft orientations at 10% or less of contraction. 

[Claim 7] The approach according to claim 5 from which a thermoplastics film is obtained by the solvent 
cast method. 
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[Claim 8] The approach according to claim 5 thermoplastics is polycarbonate resin or Pori Sail John 
resin. 

[Claim 9] The approach according to claim 5 the retardation value within a field is 80-200nm. 
[Claim 10] The retardation value within a field is 50-300nm. 
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